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Abstract—This application note provides a practical guide to designing robust and reliable gate-
drive circuits for Dynex thyristors. It outlines the fundamental operating principles of thyristor
triggering, including gate current requirements, dit/dt considerations, dv/dt immunity, and co-
ordination with the device’s thermal and electrical limits. Key aspects of driver design—such as
gate-pulse shaping, isolation requirements, protection features, and interface considerations—
are discussed to help engineers achieve consistent and repeatable turn-on performance across a
wide range of applications. To support practical adoption, an exemplar gate-driver schematic
with its required design guidelines is included at the end of the note.

1 Introduction

The output of the electronics that control the fir-
ing sequence of thyristors is typically logic-
level: only a few volts, negligible current, and
usually referenced to ground. In contrast, the
thyristors themselves require a firing signal of
tens of volts and tens to hundreds of milliamps,
often applied to devices operating at high po-
tential above ground. Bridging these widely dif-
fering electrical conditions is the role of the
gate-drive circuit.

The gate-drive’s purpose is to deliver a gate-
current pulse with the correct shape, peak am-
plitude, duration, and repetition rate when

commanded by the control electronics and these
should be in coordination with the device’s
thermal and electrical limits. Additionally, each
gate-drive output must be galvanically isolated,
as the thyristors within a converter can differ in
potential by many hundreds of volts. Triggering
should also be inhibited whenever the anode
voltage is negative.

Although these requirements may appear
straightforward, meeting all of them reliably
under real operating conditions is far from triv-
ial. This is especially true when considering the
different gate structures used in various
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thyristor designs. In the following sections of
this application note, we examine each require-
ment in detail and discuss practical methods for
achieving them effectively. To support real-
world implementation, an example gate-driver
schematic is also included at the end of the doc-
ument.

2 Turn-on process of a
thyristor

The turn-on process of a thyristor begins when
a gate pulse is applied and the gate current starts
to rise as shown in Figure 1. The rise time, t,, is
the period over which the gate current, ig, in-
creases from 10% to 90% of its peak value, lom,
and during this interval the gate-current slope,
dig/dt, is important for rapidly injecting carriers
into the gate region.

As the gate current builds up, the device re-
mains in the blocking state until the internal
charge distribution becomes sufficient to initi-
ate conduction. The gate-delay time, tgq, is de-
fined as the interval between the start of the gate
pulse (from 10% of lgm) and the point at which
the anode voltage, Vp, has fallen to 90% of its
initial value.

90%|

90% |-+

10%

A4

Figure 1. Thyristor turn-on process.

After tgq, the thyristor transitions into full con-
duction: the anode current, iv, rises with a char-
acteristic dit/dt, which must be supported by a

strong gate drive to avoid localised current
crowding, while at the same time the device
voltage, Vp, collapses rapidly as the conduction
area expands across the junction. The initial
peak gate current, lem, helps to ensure a uniform
and safe turn-on, especially in larger devices.

Altogether, these parameters (t., dic/dt, tg,
dit/dt and Igm) describe the dynamic behaviour
of the gate signal and the thyristor current dur-
ing turn-on and determine how quickly and
safely the device transitions from blocking to
full conduction.

3 Gate structure in high-

power thyristors

The gate structure of a thyristor plays a critical
role in determining its sensitivity, turn-on ro-
bustness, required gate-drive current, and over-
all controllability. Although many variations
exist depending on wafer diameter, voltage
class, and manufacturer-specific design, indus-
trial high-power thyristors predominantly use
two main gate structures: the Direct Gate Struc-
ture and the Amplifying Gate Structure.

3.1 Direct gate structure

As shown in Figure 2, a direct gate thyristor
uses a single PN junction between the gate and
cathode, with the gate region directly connected
to the internal p-layer. When the gate receives a
positive current pulse, it injects carriers straight
into the main junction, initiating turn-on. In thy-
ristors with a direct gate structure, turn-on per-
formance is more strongly influenced by the
gate-current pulse, as the external trigger unit
must supply the entire trigger energy required
to drive the thyristor into conduction.

Key characteristics of direct gate structure in-
clude:

e Simple structure with one primary gate-
cathode junction.

e Requires a high level of gate current (en-
ergy) with a high dig/dt.

e More complicated (higher power) gate
driver is required.

e Turn-on begins locally where gate cur-
rent is injected.

e Lower dit/dt capability at low gate trig-
ger energy.

e Common in lower-current (smaller) and
general-purpose phase control thyristors.
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Figure 2. Thyristor general physical struc-
ture with a direct gate technology.

3.2 Amplifying gate structure

Triggering high current large thyristors de-
mands a very high-power gate pulse, and it
takes a relatively long time for the entire device
to transition into full conduction. To reduce the
required gate-drive effort, modern high-power
thyristors incorporate amplifying-gate thyris-
tors within the inner gate region, which is
shown in Figure 3. In an amplifying-gate thy-
ristor, the gate is not driving the main junction
directly. Instead, the device includes an addi-
tional internal transistor-like region that ampli-
fies the gate current before it reaches the main
thyristor structure. This ensures a much
stronger and more distributed triggering action.

As shown in Figure 3, only the amplifying-gate
thyristor needs to be externally triggered, and it
requires only a relatively small gate current. Af-
ter this initial triggering, the amplifying-gate
thyristor utilises the anode-to-cathode voltage
(circuit energy) to drive the main gate region.
Because of this internal amplification, thyris-
tors with an amplifying gate are far less sensi-
tive to weak gate current, as most of the re-
quired trigger energy is generated internally
from the anode voltage.

The amplifying-gate thyristor structure can also
be distributed across the entire cathode-side
area using gate fingers, thereby accelerating the
spread of the conducting region during turn-on,
which in turn increases the device’s dir/dt capa-
bility even further.

The main concern with the amplifying-gate
structure is that the auxiliary amplifying-gate
thyristor is exposed to the full div/dt of the main
circuit as soon as it begins to conduct. This
dir/dt stress gradually reduces as the main thy-
ristor takes over and the device transitions into

full conduction. This behaviour can lead to cer-
tain triggering issues, which will be discussed
in Section 4.4.

Key characteristics of an amplifying-gate struc-
ture include:

Low gate current (energy) is needed.
Simpler gate driver is required.

Very uniform turn-on.

Much faster turn-on spreading.

Higher dit/dt capability at low gate trig-
ger energy.

e Suitable for high-power (bigger) disc thy-
ristors.
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Figure 3. Thyristor general physical struc-
ture with an amplifying-gate technology.

4 Triggering thyristors

4.1 Triggering current shape
Almost any shape of current pulse will turn a
thyristor into conduction as long as it exceeds
the gate trigger voltage, Ver, and gate trigger
current, lgr, values given in the datasheet. How-
ever, thyristors may need a gate current pulse
with specific characteristics based on the appli-
cations and switching conditions.

Thyristors may experience high rates of rise of
anode/cathode current (dir/dt) from the dis-
charge of the RC snubber circuit every time the
thyristor is fired and from the commutation of
other thyristors in the converter. Additionally,
if thyristors are connected in series or parallel,
they need to be turned on simultaneously.
Therefore, a gate driver should be designed to
provide high di/dt capability, low delay time,
and low switching losses at the turn-on for the
thyristors.
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This reduction in delay time and the switching
losses and the ability to receive a high dit/dt is
enhanced by the gate current pulse having a
sharply rising front edge with a high rate of rise
(dig/dt), and a high peak value.

The duration of the gate pulse has to be long
enough for the anode current in the thyristor to
reach the Latching Current, I, specified in the
datasheet or the thyristor might drop out of con-
duction when the gate signal is removed. Typi-
cally, 100us to 150us is adequate to allow for
delay, turn-on and spreading times.

To reduce the load on the gate driver, the peak
gate current does not need to be maintained for
more than 10-20 ps. After this period, it can be
reduced to a lower level of 2 to 4 times the It
value, known as the back-porch current.

In Figure 4 and Table 1, a suitable gate pulse
current for Dynex thyristors is presented. As
shown, the gate current initially rises to the
peak gate current, lem, and after a few micro-
seconds it reduces to the back-porch current,
Iee, Which is maintained for a longer period de-
pending on the application and the conduction
duration of the thyristor.

Figure 4. A typical gate pulse for Dynex thy-
ristors.

Although with many power circuits a pulse of
100ps to 150ps is sufficient to turn the thyristor
on and maintain it in conduction, some circuits
require the gate current to continue throughout
the conducting period, while in other cases a
train of short pulses during the conduction pe-
riod is sufficient (see Section 4.2).

Applying a gate trigger when the thyristor is in
the reverse-blocking state will not turn it on, as
the device cannot be activated under reverse-bi-
ased conditions. However, usually triggering is
inhibited when the anode voltage of the thyris-
tor is negative. This is because, in that mode,

the thyristor acts like a low gain transistor and
amplifies the gate current which is seen as an
increase in anode leakage current. This, to-
gether with the blocking voltage across the de-
vice, gives a significant increase in power dis-
sipation in the thyristor. The extra power loss
has to be considered when dimensioning the
heat-sinks, otherwise the device can overheat.
But perhaps its most significant effect is associ-
ated with series connected thyristors where the
increase in leakage current can make achieving
voltage sharing between the thyristors much
more difficult.

Table 1. Gate pulse characteristics for
Dynex thyristors.

Recom-
mended Considerations
value

Parame-

ter

Peak initial . .
Higher di+/dt or/and larger thy-
?:h:e current, | 5-10 X ler ristors require higher low.
Duration of Larger thyristors require longer
initial peak 10-20 us Tem. Very low dit/dt values
gate current, H (<5A/ps) also require an in-
Tom creased Towm.
E:;IL(-CTJ?:EEL 24 % It Larger thyristors require higher
loa Ice.
Larger thyristors require longer
- Toee. Tee can be shorter than 100
bD;::r;_t:J%TC%f ps !n applications where the
gate current 100-150 ps | thyristor conducts only for a
T ' short duration with a very high
cB dir/dt, such as pulse power sys-
tems.
Higher di/dt or/and larger thy-
ristors require higher dig/dt. In
pulse-power applications, the
. required dig/dt is much higher
Es:g g; trrllsee and may need to even exceed
gate current >1 Alus 20 Alps. In the_ Dynex
dio/dt datasheet, where the di/dt rating
¢ is defined, the required dig/dt (=
Iomfty) for the provided di/dt
range is also mentioned in the
test conditions.
The higher the dit/dt, the higher
the required Vgo. For amplify-
ing-gate thyristors (most of
Gate driver Dynex thyristors) and the thy-
open circuit S12V ristors used in pulse power ap-
voltage, plications, a source voltage
Vso greater than 24 V may be re-
quired. For case temperatures,
Tc, below 0°C, Vo should be
greater than 30 V.

4.2 Triggering power losses

The anode-cathode voltage may temporarily re-
verse during the conduction period or there may
not be positive volts present at the initial point
of firing. In the extreme, in the case of an AC
converter with an inductive load for instance, a
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pulse duration of 180°- a is required, where o is
the thyristor firing (phase-delay) angle meas-
ured from the AC voltage zero crossing, i.e. up
to 10ms for 50Hz. The most suitable system de-
pends upon the power circuit being employed.
However, the gate pulse should only be made
as long as is necessary, because the magnitude
of the average gate power has to be considered.
The longer the gate pulse, the higher the aver-
age power which may lead to additional heating
and possible destruction of the thyristor.

Dynex Application Notes AN4840 and
ANG6196 [1], [2] discuss the use of gate-drive
load lines together with the thyristor gate cur-
rent—gate voltage characteristics to ensure that
the gate-driver power does not exceed the de-
vice limitations. These gate-voltage character-
istics must be strictly followed in the gate-pulse
design, especially if the application is expected
to operate close to the device limits. In addition,
in practice it is uneconomic to produce gate
drives with very long pulses for reasons of gate
driver power requirements and availability of
pulse transformers.

To reduce the power losses on the gate and also
the power requirement of the gate driver, a
chain of short pulses with a frequency in the re-
gion of 5kHz to 10kHz may be used as pre-
sented in Figure 5. This is sometimes called a
“picket fence” waveform. If the gaps between
the pulses cause interference, a second time
shifted pulse chain can be superimposed to pro-
duce a continuous long pulse. The pulse trans-
former only has to be dimensioned for a single
pulse in the chain, say 50us to 100ps.

ic
Iemi----

dic
7 dt

Ics |- - :

. Z

Figure 5. Short gate pulse picket fence.

4.3 High dit/dt considerations

At the moment a thyristor begins to conduct,
only a small portion of the device area around
the gate is active. In most line-commutated cir-
cuits this does not pose a problem because the
thyristor current increases at a low dit/dt rate,

giving the conduction area time to spread ac-
cordingly.

In contrast, there are many applications such as
pulse power converters that can impose repeti-
tive fast current rise rates or single pulses with
both steep dir/dt and high peak current. In such
cases, the conduction area may not expand
quickly enough, causing the initial current to be
concentrated near the gate region. This part of
the device typically has less effective cooling
due to the gate structure, making it more vul-
nerable to local overheating and potential fail-
ure.

Delivering a strong initial gate pulse promotes
uniform triggering of both the amplifying-gate
region and the main junction. This leads to
rapid spreading of conduction area and helps
the device safely withstand its highest rated
dit/dt. In this context, a strong gate pulse refers
to an initial peak current, lem, exceeding 10 x
leT with a rise time, t;, of less than 1.5 ps.

Even in applications where the circuit dir/dt is
expected to be low, the actual turn-on dit/dt ex-
perienced by the thyristor can be significantly
higher due to the presence of snubber capaci-
tors, voltage-balancing/protection/dividing ca-
pacitors, and parasitic capacitances within the
circuit and the cables. These capacitors can dis-
charge rapidly at the instant of the thyristor
turn-on, adding an additional current compo-
nent on top of the main circuit current. As a re-
sult, the thyristor may experience a much higher
effective div/dt during the initial turn-on inter-
val than the dit/dt of the main circuit would
suggest. Therefore, if a higher dit/dt is antici-
pated due to the presence of these capacitors,
the initial gate pulse should be made suffi-
ciently strong to ensure that the conduction area
spreads quickly and uniformly within the de-
vice.

4.4 Gatedriver voltage for thyris-

tors with amplifying gates
The dynamic voltage drop across the gate-to-
cathode, Ver(t), depends on the charge-carrier
concentration, internal inductances, and the
dir/dt of the anode current.

At the start of conduction—when the gate re-
gion is not yet fully flooded with carriers—the
effective gate-to-cathode impedance is higher
than its steady-state value. In addition, in thy-
ristors with an amplifying-gate structure, the
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distributed resistance within the amplifying-
gate region, Rag, produces an additional inter-
nal voltage drop during turn-on. The combined
effect of the higher initial impedance and the
Rac-related drop results in a larger instantane-
ous Ver(t) for the same gate-current level com-
pared to its steady-state value. This effect be-
comes particularly significant when the thyris-
tor experiences a high di/dt.

At the beginning of the thyristor turn-on pro-
cess, when the circuit dit/dt is high, the ampli-
fying-gate section conducts a large current to
trigger the main junction. This current flows
through the auxiliary amplifying path and fur-
ther increases the dynamic gate-to-cathode
voltage due to the additional voltage drop
across the amplifying gate path’s internal im-
pedance. Because this internal voltage couples
back to the gate-driver terminals, the external
gate current can momentarily dip if the gate
driver’s open-circuit voltage, Veo, is not suffi-
ciently high (see Figure 6).

A high main-circuit dit/dt can stress or even
damage the auxiliary thyristor during the early
turn-on phase, and a gate-current dip approach-
ing zero can significantly exacerbate this risk.

To prevent the gate-current dip from falling to
a level that could weaken the turn-on of an am-
plifying-gate thyristor, the gate driver may need
to provide a higher open-circuit gate voltage
(typically with Vo > 30 V).

As the gate behaves like a diode, there is no
strict upper limit on the forward gate-cathode
voltage; the practical limitation is the allowable
power dissipation in the gate circuit. However,
the reverse gate-cathode voltage must be kept
very low (ideally close to zero) to avoid damag-
ing the gate junction.

) A
iG

Veo>Veon > Veoe

Rac

—
r ol

4 K

Figure 6. Gate current distortion due to
steep dit/dt in the amplifying-gate.

4.5 Series and parallel connec-
tions

For series and parallel connections, it is essen-
tial that all thyristors turn on simultaneously to
ensure proper dynamic voltage and current bal-
ancing. To minimise differences in gate-con-
trolled delay times, tyq, every device in the chain
should receive simultaneous, high-amplitude,
and fast-rising trigger pulses—for example, 4—
10 times the rated gate-trigger current, lgr, with
arise time, t;, below 1 us (ideally below 0.5 pus).
This approach reduces variation in delay time
and prevents any single device from experienc-
ing an excessive share of the total voltage or
current.

For more information on voltage and current
balancing in series- and parallel-connected thy-
ristors, please refer to Dynex application note
AN6531 [3].

4.6 Interference

The gate drive largely determines the perfor-
mance and reliability of the equipment, and in-
correct triggering can lead to severe conse-
guences. One frequent cause of misfiring is
electrical interference coupled into the firing
circuit from the power stage or from relays and
contactors located nearby.

To improve noise immunity, it is advisable to
include components such as blocking diodes,
capacitors and earth screens on the pulse trans-
formers. Because thyristors typically operate in
electrically noisy environments, the inductance
of the gate leads should be kept as low as pos-
sible by mounting the gate driver close to the
device and by twisting the gate leads or using
coaxial cables. Care must also be taken to en-
sure that gate leads do not run close to high-
voltage or high-current conductors, as this can
lead to electromagnetic interference or, in ex-
treme cases, flash-over.

In applications with particularly high levels of
electrical noise or long distances between the
control electronics and the gate driver, using a
fibre-optic firing command can significantly
improve noise immunity and eliminate many
coupling-related issues.

5 Gate driver topologies

As mentioned at the beginning of this applica-
tion note, thyristors operate at line potential,
whereas the control system is typically a low-
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voltage circuit referenced to ground. Therefore,
the gate signal must be galvanically isolated
from the control electronics.

While gate drivers may be categorised into sev-
eral voltage classes, Dynex thyristors generally
operate in applications above 0.5 kV. For prac-
tical purposes, we therefore define two groups
for gate-driver design:

¢ High-voltage systems: above 10 kV
o Medium-voltage systems: approxi-
mately 0.5 kV to 10 kV

These ranges reflect the typical operating levels
of Dynex bipolar devices and their associated
insulation requirements.

5.1 High voltage applications

For voltages above 10 kV, the triggering design
becomes more complex due to the critical na-
ture of applications such as HVDC systems. If
electrical triggering is used, the triggering en-
ergy should be derived from the main circuit ra-
ther than from a separate energy source for each
gate driver. This is because the required insula-
tion voltage and the required high number of the
gate drivers would make providing an inde-
pendent energy supply for each gate driver im-
practical.

In these cases, the gate-drive power is typically
derived from the anode—cathode potential, and
the firing command is transmitted to the gate
driver via an optical control signal to ensure
high galvanic isolation and strong immunity to
electrical noise, as shown in Figure 7. The an-
ode voltage is electrically transferred to a
switched-capacitor circuit within the gate
driver. The switched-capacitor circuit adjusts
the required voltage level and current shape for
triggering and delivers the necessary energy to
the gate when the optical command arrives.

(.'al.c. F,n‘c‘rg_\-‘
| l | _I ;_@) Source - _LE]
C nnjtllllulsc M T

. Switched Capacitor
Optical Circuit

(7
]

Figure 7. Thyristor gate drive using the an-
ode voltage as the triggering-energy source.

5.2 Medium voltage applications
For applications below 10 kV, the main-circuit
energy for triggering the thyristors (Figure 7)
can also be used, and even an electrical control
pulse may be sent, although optical signalling
remains the preferred method. In addition to
this approach, it can also be practical to use a
separate voltage source for each gate driver or
for a group of gate drivers.

Gate drivers suitable for high-voltage thyristors
with a separate energy source can generally be
categorised into two groups, depending on
whether the gate-pulse current is generated be-
fore or after isolation from the input energy
source:

e Pre-isolation pulse formation using
pulse transformers

e Post-isolation pulse formation using
switched-capacitor/rectifier circuits

5.2.1 Pulse-transformer—based gate
drivers
Using a pulse-power transformer, as shown in
Figure 8, this type of gate drive is fully mag-
netic. A triggering pulse—either optical or elec-
trical—is applied to a power semiconductor
switch such as a MOSFET or IGBT on the pri-
mary side of the pulse transformer. This gener-
ates a current pulse that is transferred to the sec-
ondary side and delivered to the thyristor gate.

It should be noted that the leakage inductance
of the transformer can limit the dig/dt (i.e., in-
creases the rise time) of the gate-current pulse.
Therefore, the pulse-power transformer should
be designed with minimal leakage inductance.
It is not straightforward to obtain a very high
dig/dt using this type of gate driver. Hence, this
gate-driver topology is generally not recom-
mended for applications where the di+/dt of the
thyristor exceeds 300 A/ps.

The input energy channel must be isolated from
the user interface by appropriate insulation. If
this is not inherently provided, reinforced insu-
lation is required for the pulse transformer (see
IEC/EN 60664-1, EN 61140, or EN 50178). In
addition, if the firing command (control pulse)
is transferred electrically (rather than via a fi-
bre-optic link), reinforced insulation may still
be required for the pulse transformer regardless
of the insulation between the user interface and
the input energy. Whether this is necessary
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depends on the insulation performance of the
electrical interface. This is because, in medium-
and high-voltage applications, opto-couplers
can be limited by clearance and creepage.

Current limiting , T
resistor '
Input '

Energy i

Switch and
DC i
Drver &) 1
|

P Optical

Control Pulse ¢
ontrol Pulse _r_\iaJ or

Electrical

Figure 8. Thyristor gate drive based on a
pulse transformer.

Finally, diodes, capacitors, and earth screening
to prevent spurious triggering are also required.

5.2.2 Switched-capacitor/rectifier-
based gate drivers

Using an isolation transformer for the input
supply voltage, the gate driver incorporates a
rectifier and a switched-capacitor circuit to
store energy as shown in Figure 9. The
switched-capacitor circuit adjusts the required
voltage level and current shape for triggering.
By commanding a power semiconductor
switch—such as a MOSFET or IGBT—a cur-
rent pulse is delivered to the thyristor gate. The
firing command can again be transmitted elec-
trically or optically; however, an optical con-
nection is generally recommended, as it pro-
vides better synchronisation between multiple
gate drivers (for series and parallel connections)
and is less susceptible to interference within the
circuit.

This type of gate-driver topology can deliver a
very high dig/dt (i.e., a fast rise time) for the
gate-current pulse and is therefore well suited
to applications that require very high di+/dt ca-
pability, such as pulse-power systems and ap-
plications where series or parallel connections
are required for the thyristors.

Again, the input energy channel must be iso-
lated from the user interface by appropriate in-
sulation. If this is not inherently provided, rein-
forced insulation is required for the input trans-
former (see IEC/EN 60664-1, EN 61140, or EN
50178). In addition, the firing command must
be galvanically isolated from the control elec-
tronics. If it is transferred electrically, the

command channel shall provide safe separation
in accordance with the relevant insulation-coor-
dination requirements. In medium- and high-
voltage applications this is most reliably
achieved using a magnetic pulse transducer or a
fibre-optic link, as opto-couplers can be limited
by clearance and creepage. Therefore, fibre-op-
tic triggering is often the simplest route to rein-
forced insulation.

If adequate insulation is provided for the input-
energy path and optical triggering is used, this
gate driver can be applied even in systems with
voltage levels well above 10 kV. However, for
very high voltages (above approximately 30
kV), decoupled-energy gate drivers (Figure 7)
is still recommended to be used.

Optical

Control Pulse ’,//"/\]7 or
NS
_r—’ Electrical

Switched Capacitor
and T

v ®

Figure 9. Thyristor gate drive based on a
switched-capacitor circuit.

]lli).l..lt
Energy
AC

6 Design guidelines for a
gate driver using a pulse

transformer

A typical gate-driver schematic that can be used
for most medium voltage applications—pro-
vided the div/dt does not exceed 300 A/us—is
shown in Figure 10.

Input voltage, Vin: The input voltage should be
selected according to the thyristor’s gate tech-
nology and the required di+/dt performance. As
a general guideline, a minimum of 24 V is rec-
ommended. For applications requiring dir/dt
above 10 A/ps, the input voltage should typi-
cally be increased to a minimum of 30 V, and
for very high diy/dt requirements it may be
raised to as much as 60 V.

Current limiting resistors, Ri1, Riz, and Rys:
Ri1 has the highest resistance value and is used
to adjust the back-porch peak current (lgs),
based on the input voltage. R.> and Rz should
have very small resistance values—typically
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around 1 Q—and are used to define and shape
the initial peak current.

Current limiting capacitor, C.: This capacitor
is the main contributor to the initial peak cur-
rent, as it forms a resonant circuit with the leak-
age inductance of the transformer, thereby in-
creasing the peak current. Its value determines
the magnitude of the initial gate-current peak,
lem, its duration, and the rise time of the gate-
current pulse.

Noise immunity capacitor and resistor, Ct and
R¢: These two components reduce the chance of
misfiring caused by interference within the cir-
cuit. The filter must be designed carefully to en-
sure that it does not excessively attenuate the
gate pulse. The RC time constant (Rf x Cs)
should typically be maintained between 10 and
20 ps, and a capacitance value between 10 and
47 nF is generally recommended.

Turns ratio, Np : Ns: The turns ratio of the
transformer defines the initial peak current and
must be selected carefully; however, a 1:1 turns
ratio is generally acceptable.

Voltage Time Area of the transformer: The
volt-second capability of the transformer must
be selected carefully to ensure it does not enter
saturation. If a larger transformer is required to
provide a high volt-second capacity, it will
likely exhibit higher coupling capacitance. In
such cases, an earthed shield between the pri-
mary and secondary windings is recommended.

Insulation voltage: The pulse transformer used
in the gate driver must satisfy the insulation-co-
ordination requirements of the application and
comply with the relevant safety standards, such
as IEC/EN 60664-1 and EN 61140 (or EN
50178, depending on the end-use equipment).

Reverse protection diodes, D; and D-: To avoid
any reverse current to the trigger circuit, the
trigger circuit needs to be equipped with decou-
pling diodes. Note that D, also helps to elimi-
nate negative gate currents that are mentioned
in Section 4.4. D; and D> should be fast diodes
with a low forward-voltage drop, and their
blocking-voltage rating should be at least three
times the input voltage and current rating above
5A. If the initial peak current exceeds 10 A, or
if the pulse duration is longer than 150 ps, a di-
ode with a higher current rating may be re-
quired.

Switching power semiconductor: It is recom-
mended to use a MOSFET with a blocking-
voltage rating of at least three times the input
voltage and a current rating above 5 A. If the
initial peak current exceeds 10 A, or if the pulse
duration is longer than 150 ys, a MOSFET with
a higher current rating may be required.

Voltage clamping circuit: This is optional but
recommended in situations where the MOSFET
experiences high voltage spikes during switch-
ing. A Zener diode, Dz, with a clamping voltage
of maximum up to twice the input voltage
should be used, placed in series with a fast di-
ode, Dc. The fast diode should have a blocking-
voltage rating of at least three times the input
voltage and a current rating above 5 A.

Gate leads: The leads between the gate driver
and the thyristor gate should be kept as short as
possible. It is also recommended to use coaxial
cables, or at least twist the gate leads together,
to improve noise immunity and reduce gate
loop-inductance.

2 Np:Ns D:
- - E - T
Input ; E I ‘.’
DC Voltage . :

Vin

Figure 10. Thyristor gate drive based on
pulse transformer with initial peak current.

7 Final remarks

In this application note, the gate drivers gener-
ally suitable for applications of Dynex disc thy-
ristors are discussed, with a particular focus on
commonly used and well-established gate-
driver solutions. As a result, many other possi-
ble gate-driver implementations are not covered
here. For further information on alternative ap-
proaches, please refer to [4].

Finally, for systems with voltage levels below
500 V, the gate drivers discussed above can also
be used. In addition, simpler direct gate-driver
solutions, with a topology similar to that shown
in Figure 9, may be suitable. In such cases, an
input transformer may not be required, and an
optocoupler can be used to provide isolation for
the control electronics.
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IMPORTANT INFORMATION:
This publication is provided for information only and not for resale.
The products and information in this publication are intended for use by appropriately trained technical personnel.

Due to the diversity of product applications, the information contained herein is provided as a general guide only and does not
constitute any guarantee of suitability for use in a specific application. The user must evaluate the suitability of the product and
the completeness of the product data for the application. The user is responsible for product selection and ensuring all safety and
any warning requirements are met. Should additional product information be needed please contact Customer Service.

Although we have endeavoured to carefully compile the information in this publication it may contain inaccuracies or typographical
errors. The information is provided without any warranty or guarantee of any kind.

This publication is an uncontrolled document and is subject to change without notice. When referring to it please ensure that it is
the most up to date version and has not been superseded.

The products are not intended for use in applications where a failure or malfunction may cause loss of life, injury or damage to
property. The user must ensure that appropriate safety precautions are taken to prevent or mitigate the consequences of a
product failure or malfunction.

The products must not be touched when operating because there is a danger of electrocution or severe burning. Always use
protective safety equipment such as appropriate shields for the product and wear safety glasses. Even when disconnected any
electric charge remaining in the product must be discharged and allowed to cool before safe handling using protective gloves.

Extended exposure to conditions outside the product ratings may affect reliability leading to premature product failure. Use outside
the product ratings is likely to cause permanent damage to the product. In extreme conditions, as with all semiconductors, this
may include potentially hazardous rupture, a large current to flow or high voltage arcing, resulting in fire or explosion. Appropriate
application design and safety precautions should always be followed to protect persons and property.

Product Status & Product Ordering:

We annotate datasheets in the top right-hand corner of the front page, to indicate product status if it is not yet fully approved for
production. The annotations are as follows: -

Target Information: This is the most tentative form of information and represents a very preliminary specifi-
cation. No actual design work on the product has been started.

Preliminary Information: The product design is complete and final characterisation for volume production is in
progress. The datasheet represents the product as it is now understood but details may
change.

No Annotation: The product has been approved for production and unless otherwise notified by Dynex

any product ordered will be supplied to the current version of the data sheet prevail-
ing at the time of our order acknowledgement.

All products and materials are sold, and services provided subject to Dynex’s conditions of sale, which are available on request.

Any brand names and product names used in this publication are trademarks, registered trademarks, or trade names of their
respective owners.

HEADQUARTERS OPERATIONS CUSTOMER SERVICE

DYNEX SEMICONDUCTOR LIMITED Phone: +44 (0) 1522 502753 / 502901
Doddington Road, Lincoln, Lincolnshire, LN6 3LF

United Kingdom. e-mail: powersolutions@dynexsemi.com

Phone: +44 (0) 1522 500500

Web: http://www.dynexsemi.com
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